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MnaH nekuuun

1) MpobGnembl, BO3HUKaKOLWME NPU OLLeHKe CUCTEM

ypaBHEHUUN Ha npumepax
2) OOwunn BMO cucteMbl OQHOBPEMEHHbIX YPpaBHEeHUN
3) YcnoBue nopsiaka v ycnoBue paHra

4) CnocoObl OUeHKU NapamMeTpoOB CUCTEMBbI

OAHOBPEMEHHbIX YPpaBHEHUN

5) MNMpumep NnpoBepKU YyCNOBUA NopsaaKa n ycroBuUs paHra



Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

p.1. q,— cnpoc (B OTKNOHEeHUAX OT cpeaHero),
p;— LieHa (B OTKIIOHEeHUAX OT cpeaHero),
in,— goxopA (B OTKNOHEHUsX OT cpeaHero).

Cuctema B paBHOBECUMN:

qs = apy + & — ypaBHeHUe npenyoxkeHusa (1),
4

\dt = Pps + ying + us — ypaBHeHUe chnpoca (2)



Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

Paspelunm cuctemy.
(1) = (2) <=

_ U —&

P, = ! in, + t t
a—pf a—pf

=B (1) cov(p,&)#=0=

€er0 HeJab3d olleHuBaTh cC nomoimbio MHK.

AHasiormyHa 1poOjieMa I ypaBHEHHS (2).



Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

7

g, = op, + & — ypaBHEHUE npetoxkeHm (1),

q, = Pp, +yin, + & — ypaBHeHue cnpoca (2).

(1),(2) —cTpykTypHar (¢dopMa CHCTEMBI YpaBHCHHH.

-

g, = in, + 2T PE )
a—f a—f
<
Voo u,—é¢,
= in, + , (4
P (4)

(3),(4) —npuBeacHHass (opMa CHCTEMbl YpPaBHCHHH.
I :



Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN




Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

{% =min, +v;, (3)

 =1,in +V,, (4)

o
72'1 :—7/ . 72'2 :—7
a— [ a— [
. T
—>a=—, T.€. MOXHO OLICHUTb « W3 YypaBHEHU (1)

7T

2
O1o oneHka ILS £Indirect Least Squares).



Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

{% =min, +v;, (3)

 =1,in +V,, (4)

o
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a— [ a— [
. T
—>a=—, T.€. MOXHO OLICHUTb « W3 YypaBHEHU (1)
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2
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Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

{qt =7min +v,, (3)

, =TIV, (4)

A

A 72.1
=g ="
1%

o q-in _ pin
72'1: . 7Z'2: —
s « I .
in'-in. in'-in
R q In

s =,
p in



Xps =

p -in
IOmy OUEHKY MOMNCHO HNOAYYUMb NO — OPY2OMY.
C I/ZOMOWbiO UCNOJIb3OBAHUA MHC‘mpyMeHmCl]ZbHOZ:Z

nepemennou 6 ypasnenuu (1).

g, = op, + & —ypaBHEeHuEe npeinoxeHw (1),

q, = bp, + yin, +u, — ypaBHeHue cnpoca (2).

in— UWHCTPYMEHT IJIsI p,TaKk KaK HE Koppelaupya
C & MW Koppemupya@ ¢ p (CCM HHXKE).

L _in +5 50 (4

B 10



Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

Mp.2. q,— cnpoc (B OTKIIOHEHUsIX OT CpeaHero),

p;— LeHa (B OTKNOHEHUSIX OT cpeAHero),

in,— goxopn (B OTKNOHEHUsIX OT cpeAHero),

r,— NPOLEeHTHasl CTaBKa (B OTKIIOHEHUSIX OT CpeaHero).

-

g, =ap, +& —ypaBHenue npemnoxenw (1),

q, = Pp, +yin, + o, +u, —ypaBHenue cnpoca (2).

-

g = in,+ 20y BULE(g)
< a—p 05—5,3 a—p
p, = V in, +——r +ut_8’ (4)

ST a-p " a-p a-pB°

B 11



Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN

o — a-pf"' a—f

pr=—tin L M TE (g

C a-p " a-p a-p

{qt =TI, TN Vs
Dy =705, 70501 TV,

ay ao
147 s T~ )

a—f agﬁ
o= A s o=

a—f a—f
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Mpmepbl CUCTEM JIMHEUHbIX YPaBHEHUN




O6wum cnyyam cuctembl 0OAHOBPEMEHHbIX

ypaBHEeHUNn

B cTpykrypHoii popMe Moae 4 HEOOXOAUMO 3apaHee pa3ieJIuTh BCe

IepeMeHHbIe HA
JHAOreHHbIE Y, ..., Y H

IK30reHHbIe X, ..., X, (Cpeay HUX MOI'YT ObITh Jiard Y — B).

JHAOTEHHBIX NMEPEMEHHBIX CTOJbKO K€, CKOJIbKO YPABHEHUI.



N

O6wum cnyyam cuctembl 0OAHOBPEMEHHbIX

ypaBHEeHUNn

CTpykTypHas chopma cuctembl ypaBHEHUN

IBIIYIt "':Blzyzz +"‘+IBImYmt + Xy, oty X, =8,

PoX, + P+ o+ 0, Y v Xy Y X =6y,

\Igmlyvlt+ﬁm2y2t+"'+ﬁmmymt +7m1X1t +"'+7kakt :gmt
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O6wum cnyyam cuctembl 0OAHOBPEMEHHbIX

ypaBHEeHUNn

BBeaeHne HeobxoanmMbIX 0603HaYeHMN ANA nepexoaa K
MaTpu4iHoun copme.

Y, = b ooy X, = Xz , g =| % |,
oy Xk \Emt
/1311 P .- ﬂlm\ /7/11 JAVIERERE 7/1k\
B — 18.21 Do . /B_zm r—=| 7z Ay _ 7 2k
\Igml IBmZ IBmm/ \7}111 ?/m2 7/mk/
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O6wum cnyyam cuctembl 0OAHOBPEMEHHbIX

ypaBHEeHUNn

MaTtpuyuHas CTpyKTypHasi u npuBeaeHHas dopma.

BY +I'X, = ¢, —cTpykrypHas (Qopma,
Y =-BTX, +B¢, II=-BT,
Y =11X, +v, —npuBenennas ¢opma.

B B wu I -ko3hpduuueHTsl CTPYKTYpHOH (DOPMBEI,
ux m’—m+mk.

-m, TK. pf,=p0,=...=0_=1.

A B nipuBeJicHHOU (popMe mK K03 (pPUIeHTOB.

B ob0mem caydae cucreMa He UIACHTU(DUIUpYEMA.
B 17



O6wum cnyyam cuctembl 0OAHOBPEMEHHbIX

ypaBHEeHUNn

NMpoGnembl naeHTUdUKaum KoappunumneHToB CTPYKTYpHON POPMBbI.
BY +I'X, = ¢ —cTpykrypHas (Qopma,
Y =11X, +v, —npuBenennas ¢opma.

B npuBeaennoun ppopme mk k03O PUIIMEHTOB.
B oOmem ciaydae HCXOJHasi CHCTEMa
HE HACHTU(QHUIHpyEeMA.

Ho ecam Ha KO3(QPUIMEHTBI CTPYKTYpPHOH
(bOpMBI HAJOKCHBI JIOIOJHUTEIBHBIC OrPaHUYCHUS
HaIpuUMEpP, MHOTO HYJIEH), TO HHOTJAa MOXHO

OLICHUTh KOA(PMUIUEHTBI CTPYKTYPHOU (POPMBEI.
I 18



Bonpocbl naeHTudmMKkaumm ogHoro ypaBHeHus

MpeanonoXxum, 4To HEKOTOPbIe CTPYKTYPHbIEe KO3 PULUEHTbI paBHbI
0, T.e. cooTBETCTBYHOLLME NEepPEeMEHHbIe UCKNMYEHbI U3 YpaBHEHUS.
NycTb B 1-M ypaBHeHUU  KOIPPULUEHTOB NPU IHOONEHHbIX
nepemMeHHbIX U p KO3 PULUEeHTOB NP 3K30reHHbIX NepPeMeHHbIX He
paBHbl 0 (UHa4Ye nepeHyMepyeM 3mu nepemMeHHbIe).

Py + Bt + -+ b Ay Xy o+ Xy =&y

by, +..+ Y, +0+. X+ X+ 0=¢,
N—

(1, (X,
(BB, 00 Yy |+ (71,000 X, =2, (5)

\Ymt) \th)
B 15




Bonpocbl naeHTudmMKkaumm ogHoro ypaBHeHus

(7, (X,
(ﬂll"'ﬁlqo"’o) .th +(7/11---7/1p0---0) :Xpt =&, ()
kYmt) \ \th)
(Y.lt\ (Y(q.+1)f
Ilycte Y., =| : |, Y, = S
\th/ Ymt )
(X, (X oy
th — 2 Xxxt — 2
Xpt/ k th

\ J
D :(,Bu---ﬁu])’a Y« :(7/11---7/119)’-
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Bonpocbl naeHTudmMKkaumm ogHoro ypaBHeHus

(7, (X,
(Bu+-B,0--0) Yy |+(y-77,0..0) X, [=2, (5)
KYmt/ \th)

e
IB*K"t + 7/xth — glt’



Bonpocbl naeHTudmMKkaumm ogHoro ypaBHeHus

Ilepenmumiem  ypaBHenue Y, =I11X, +v,

B COOTBETCTBMH C OJOTHUM pPa30HMECHHUEM .

H*X H*Xx
= (H**X 11 ),

**XX

K“t — H*X H*Xx th +v
K"*t - H**x H**XX Xxxt |

B 22



Bonpocbl naeHTudmMKkaumm ogHoro ypaBHeHus

[M=-B"T,
Bll=-1 =
Ina 1°" cmpoxu nonyuaem :

. M., II
(P Om-q)(n**x I

Y*t — H*X H*XX th +v
K"*t B H**x H**xx Xxxt y



Bonpocbl naeHTudmMKkaumm ogHoro ypaBHeHus

pIl, =-y, (%)
ﬂ’;H*XX = O'k—p (2*)
(2*)—cucrema wu3 (k-p) ypaBHeHUi

¢ (q-1) nepemenneiMuM (-1, Tak Kak
OAMH u3 D2dJeMeHToB f. pasen 0).
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YcnoBue nopsgka naeHTncumkaumm ogHoro

ypaBHeHuS

k -p > q -1 —

Yncno BKMIOYEHHbIX B YpaBHEHME 3HAOreHHbIX NepeMeHHbIX — 1 He
npeBbIwWaeT (T.e. £) Yncna UCKITIOYEHHbIX U3 3TOro ypaBHEHUSA
3K30reHHbIX NepeMeHHbIX.

JTO ycrnoBue nopsaka ana naeHtucpukaumm ypaBHeHUs
(Heobxoaumoe ycrnoBue naeHtTudukauumn).

PaBHOCUINbLHO: Yncno Y - B, ANA KOTOPbIX HYXXHbl MHCTPYMEHTbI, He
MEeHbLle YNCliia UCKINMKYEeHHbIX U3 ypaBHEHUA X-B, KOTOpPbI€ MOryT

CNYXWUTb UHCTPYMEHTaMM.
I 25



YcnoBue nopsgka naeHTncumkaumm ogHoro

ypaBHeHuS

k -p > q -1 <
k -p +(m -qg 2 m -1

Yncno UCKNYEeHHbIX U3 YpaBHEHUS 3K30reHHbIX
nepeMeHHbIX + YACNO UCKMYEHHbIX X YPaBHEHUS
3HAOreHHbIX MepeMeHHbIX 2 YNCNOo ypaBHeHUn — 1.

Unu

Ynucno HyneBbiX KO3 PULMEHTOB B YPpaBHEHUU = YUCNO
ypaBHeHuun — 1.

JTO ycnoBue nopsigka ferko npoBepuUThb.

B 26



YcnoBue paHra nageHtTucdpukaumm ogHoro

ypaBHeHuS

'

/B;H*xx = Ok—p (2%)

YToObl 3Ta cHCTEMa HMENa pelICHUE,
HEOOXOJUMO U JOCTATOYHO:

rankll, =¢g-1

DTO yCIIOBHE paHra.

(He0OXOoaUMOE M JOCTAaTOYHOE YCJIOBHE MIACHTU(DUKAINK).



[poBepka ycnoBusa paHra

rankll, =g¢g-—1

CyuwecTByeT 6onee npocToe AN MPOBEePKU YyCIIOBME paHra
Ans 1-ro ypaBHeHusi (cM npumep ganee).



Buabl ypaBHeHUU

Ecnu anga ypaBHeHUA BbINOMHAKOTCA YCNOBUA nopsaaKka v
paHra, npuyem ycrnoBue nopsaka co 3Hakom =, T.e.

K-p = g-1, TO 3TO ypaBHEeHUe ABNAETCA TOYHO
naeHTUpPUUNpyeMbIM.

Ecnu anga ypaBHeHUA BbINOMHAKOTCA YCNOBUA nopsaaKka v
paHra, npuyem ycrnosue nopsaka co 3Hakom >,

T.e. K-p > -1, TO 3TO ypaBHEeHUe ABNAETCA
cBepxuaeHTUpULUUpyeMbIM.

Ecnu anga ypaBHeHUA He BbINOMHAETCA yCrioBMe nopsaka
WNuM ycnoBue paHra, To 3TO ypaBHeHMe Ha3bliBaeTCH He

naeHTuduunpyembim.
B 2



CnocoObl OLEeHKU CUCTEM OOAHOBPEMEHHbIX

ypaBHEeHUNn

Ecnu Bce ypaBHeHUA TOYHO naeHTUPUUNPYEMbI, TO
NPUMEHSAETCA KOCBEeHHbIN MeTOA4 HauMEeHbLUIUX KBaapaToB.
OueHunBaroTCA ypaBHEeHUs npuBegeHHOU (hOpPMbI U U3 HUX
BbipaxxaroTca Koadp(pnuneHTbl CTPYKTYpPHOU (pOpPMbIL.

Ecnu cpean ypaBHEHUU eCTb CBepXxuaeHTUpuUumnpyemolie,
TOo npumeHsietca asyxwarosbiu MHK. Kaxabin Y B
ypaBHeHUU, Kpome Y ¢ KoacpdpuumeHToM 1, 3amMeHAeTCA Ha
oueHKy Y U3 ypaBHeHUs1 perpeccumn Ha Bce X. U
oLeHUBaeTCA KaXxaoe ypaBHeHUe perpeccum.

B 30



A.Marnyc, N.Katbiwes, A.lNepeceukun, C.NonoBaHb.

COoOpHUK 3a4a4 K Ha4anbHOMY KypCy 3KOHOMeTpPUKu.— M.:
Oeno, 2007, 3apava 9.2.

3agaua 9.2
Pacemorpusm npobnesty wieHTHhHIHPYeMOCTH KasIoro W3 ypasHeduil B coey
HOLIEE ) AL TE T

By + G121V, b ov116e + Yz P 1t

i:-"r-_“f]:u { ”-': - ;.'1".3.'1*.1"'&'-,1 | “r"Eij = ":-'3.1“"r 1 = Eopy

F Hya Wy 4 N, + 328, + vz P + Wi = 23,
e 1A, Wi, Ny — uniexe uen, sapoiarta, npodpeoo3nblil B3IHOC COOTBETCTRBaIN
{(smaorennse nepesmednme), a ¢, n 5 NPOM3BOINTENLHOCTL TPYa B Ko

gyeeTpo 3abacToBROK (FK30rennke mepesentbie). Kak BRMSIaT HopsagoBoc i
PAHIOBOS VEIOBNSH, €C/il H3BECTHO, YTO!

al 111 =W,

0O) Boy = ez =1,

H] Nag. = 07
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Fy + G2V, SRt + Y131 =18
G P+ Wi + HdagNy b oyaa S, + Y24 W1 = 20,
+ oWy N, + 328 + Y B + y3aWio1 = E38,

* B pames caydae Mel HMeem TpH 3iporerise nepesmesasie — By, W Nyooe
3K30TeHHEe — (Jy, S5 W JBe Jaruposanpbie snjgoredasie — o, Wy, Tpe
CTABIM HCXOAHYIO cHOTeMY B Bie cueayiomeli tabamus, B sgefikax koropol
croaT Ko pUIHEHTE MPY COOTBETCTRYIOMEH ePeMeHHON B COOTBETCTBY 101111

YPABHEHHN:

Fr H'rr L a.h'll-f {"I.}f -.‘_'Jir F’r.- | ” P
l-¢ ypasHeHye 1 Fio {0 11 () Y11 (]
2-¢ ypasienue a4 ] g f Vi ] el
3-¢ vpasuenne : () Feyen | (l i i ¥




NMpumep. PeweHue

l-& ypasHenue 1 1o 0 11 ] 14 N

2-¢ ypasHenye a1 | (Fay (] Yo () Yol

3-¢ ypasHenne - () F4a I () ety Vi e
III1 | l||.r..||jll'IH‘I'IHH' |||.P|:|!l| PICCRES LTy W07 MR ien vy PRIy roedd sy, e B ik

MORD Y PHALCTIEEE TR0 Dnedt e M i VpRmioninil sy e Doin rinesy

CJTY Lo E} DT{‘I{},ILH CACJNVET, o JLINH KEAUI0r0 VPAabBHEHHA O IKOBOS YOJI0-
BHC BLINOJIHEHO JGAA Deos oo i i e i BIX OrpaHaeHuit .H.J:l: 6], ll_]. ”[Juﬂ{‘pﬁﬂ
BLITTOJIHCHHHA alrrRora Vo e JLITH Juoboro YPABHEHEA GOCVIIECTRIIACTCE TAK.
l‘lﬂ.,f[,l;l B3ATE Kakoil-anbo uvoenod m:'-uiuh-illl.:lﬂ.*.1IT ITOrG YpapnemA, BBNTHCA T D
BECH COOTBETCTBY IO o Per e AT {EIL‘KJI]-H'—IELH ITOT HYIIEeRMT K r'-Ht‘.l{i]]llﬂl-
I.'.‘I1'1'::I.L MOBTORHTL Y OLC]HULING JUTH BeeX HYISBRIX i‘:U’itlHi]HTl,le!I[ OB YPARHEHN R
] MOAYYHTLE MATPRHILY, *THOJO0 CTPOK Iii}’l‘{}pﬂﬁ ﬁ}-’."[("]‘ I SAMIIY MeHbBINE YHCTa
YpasHeHHH, & 9HCH0 CroaBion e MeHLINe, Yes 9Heao ypasaernii siunyve 1, B cn-
TV DBBITTOUTHEHHS [HOP KOO0 VOO . I“J[','LH BHUTOJIHEHHE PAHTOBOIO VEIORHH
IRDBHBAJMEHTHO TOMY, "I'TO HOCTROCHIIAY MATRPHIA MMECT IMOJTHBIT e e, MHcio
ypapsienmii munye 1).
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NMpumep. PeweHue

1-¢ yparHenie l o ( T11 () Y14 L
2-¢ ypasHexue (39 | 3 ! o 0 |
J-¢ vpasmenne [ 0 3 | () 1112 fibt 4

B Hames cayuae cooTBeTCTEVIONINEG MATPHIIE TAKOBLI

':I'-I"l 3 “pma ey
l-¢ ypaBnenme 2 22 Y|
| Yoo Vg

r T :
2-e ypagHeHHe — S
. Taa

3-¢ ypapnenye [,‘1’-].;] HT"] :

Toraa nonyuaen:
a)ecnu v;; = 0, T0 e rsoe vpapneHeo H,.':E.‘I['l'].l:([:lnlLil]_:_'l;ﬁ:mu. PR PONe HCTPEeT L
HeT;
6) ecam g

Faz = 0, TO IEPBOE W BTOPOE YPaBHEHHA 1en rid sinupyen s,
a4 TpeThe HeT;

B) ecim yag = 0, To neppoe 1 TpeThe ypasneHns wienTH MNP YCMBL, & BTOPOe
HET,

B 34



MUcnonb3oBaHHas nutepaTypa

A.Marnyc, N.KatbiweB, A.lNlepeceukun, AKOHOMETpPUKA.
HavyanbHbIn Kypc: Y4eOHUK. — 8-e usgaHme. — M.: Oeno,
2007, rmnaBa 9.
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